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ICE CONSTRUCTION — MOBILE PUMP WANIGAN FOR CONFINED FLOODING
Y-F015-11-01-073
Type C

by

Q. E. Sherwood and E. H. Moser, Jr.

ABSTRACT

Advancements in flooding techniques for leveling and thickening natural
ice areas for improved Arctic Ocean operations resulted in the development of a
mobile pump wanigan for confined flooding, An extra-wide NCEL camp wanigan
was outfitted for confining and distributing the flood water, for drying and storing
the flooding gear, and to provide a warm shelter for the construction personnel and
sufficient illumination within 300 feet for Ice construction at night.

An experimental pump wanigan was evaluated at Point Barrow, Alaska,
between 1958 and 1960, and selected compongnts for the unit were evaluated at
cther field sites between 1960 and 1964, The mobile pump wanigan is well suited
for thickening sea ice by confined flooding and is recommanded as standard equip-
ment for this type of ice construction. Specifications, reduced scale drawings, and
commercial items were published in Tachnical Note N=608, Erection instructions
are given in Technical Note N-587,

Qualified requesters may obtoin copies of this report from DDC.
The L.aboratory invites comment on this report, particularly on the
results obtained by those who have applied the informatian.
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INTRODUCTION

Activity on the ice-covered Arctic Ocean has increased rapidly in recent
years, |ce islands (old tabular icebergs) have been used as year-round floating
scientific stations; smooth natural sea-ice areas have been used periodically for
field observations and limited aircraft landings. Both types of areas are scarce and,
in their natural state, they are suitable only for pioneer operations, lee islands
usually have rolling, highly dissected surfaces; smooth sea ice areas are limited in
size and thickness.

Investigations have shown that natural ice can be leveled and thickened by
surface flooding in below-freezing temperatures. The surface is flooded in incre-
ments and allowed to freeze between floodings. Two flooding techniques have been
developed by NCEL: (1) confined flooding, where the flood is retained by natural
boundaries and dikes, and (2) free flooding, where the spread of the flood is limited
only by its rate and volume and the prevailing temperature and wind,

This report covers the development of a mobile pump wanigan for confined
flooding. It is outfitted with equipment and gear for controlled distribution of the
flood water, Also, it provides a heated area for warm-up and protection of person=-
nel at the construction site and for thawing and drying the flooding gear.

Background

The thickening of natural sea ice by surface flooding was first investigated
by NCEL on the Arctic Ocean near Point Barrow, Alaska, in the winters of 1950-51
and 1951-52, The pumping equipment, hose, and other gear for flooding the ice were
housed in a field-fabricated structure mounted on a go~devil sled, The trials were
resumed in the winter of 1958-59,1 For these trials, an experimental, self-contained,
mobile pumping unit was designed and outfitted for controlled delivery of the flood
water,

Many features in the experimental pumping unit were derived from the 1950-52
effort; others were added to improve its performance. A slightly modified extra-wide
NCEL camp wanigan? was used to house the pumping equipment and flooding gear.
This permitted complete disassembly of the unit for air shipment to the field site, and,
once there, the unit could be moved by tractor without being mounted on a sled, The
wanigan was outfitted with pumps, a variety of hose and fittings, storage racks, and
other accessories,




During the 1958-59 trials! in temperatures from 20 to -44 F, the mobile
wanigan was used in building several confined test plots and one free flood plot.
It was generally satisfactory for confined flooding, but not for free flooding because
the area occupied by the wanigan had to be diked to prevent its being inundated by
the flood water, In tow tests with a Size 1 snow tractor, the wanigan was easily
moved over snow, ice, and permafrost. The trials showed that some changes in out-
fitting would improve performance.3

Additional tests were made on the experimental pump wanigan in the 1959-60
Point Barrow trials.4 Altemate components and accessories were selected and evalu=
ated at various field sites between 1960 and 1963,

Criteria

Confined flooding requires pumps, hoses, fittings, and other assorted equipment
to |ift, move, distribute, and confine flood water, Shelter is required to house the
pumps, dry the hoses, thaw the fittings, and protect the construction personnel. The
package must be a self-contained mobile unit capable of performing all functions of
moving and spreading sea water in air temperatures to =40 F, Based on these require=
ments, the following criteria were developed for the pump wanigan:

1. A mobile shelter, with adequate heating and Iighting, to house the
pumping equipment and flooding gear

2, A stationary diesel=driven pump

3. Hand=carry pumps

4, Suction and discharge hose

5. A means for storing and drying the hose and fittings
6. Portable slectrical power

7. Floodlights

DESCRIPTION

Components for the pump wanigan (Figures 1 and 2) were selected for general
use in confined flooding, They included a wanigan, a stationary pump, two hand=-
carry pumps, suction and distribution hose, hose fittings, storage racks, two portable
electrical generators, a heating and ventilating system, an electrical harness, and
floodlights. For special applications, the pumps and hose can be varied to meet
specific requirements. The estimated cost, shipping weight, and cube of the selected
components are given in Table 1. Based on 1942 prices, the total cost of the pump
wanigan is $20,000, Packaged for shipment, it weighs 16,000 pounds and occupies
850 cubic feet.
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Table |, Weight, Cube, and Cost of Pump Wanigan Components

Component Quantity swz;'ﬁg c(:;g;a %;;t
(1)

Wanigan outfitted with accessories 1 7,160 430 7,050

and modified with hose poris

Stationary pump 1 5118 160 7,550

Hand~carry pumps 2 60 2 600

Hose and fittings v 2,000 108 3,000

Hose rack and desk 1 1,172 104 400

Electrical generators 2 320 30 1,100

Extra fuel tank for gasoline 1 170 16 300
TOTAL 14,000 850 | 20,000

1/ See Table Il

A schedule of drawings for the pump wanigan is given in the Appendix.
Coples of these drawings are available from the Naval Civil Engineering Laboratery,
Specifications, commercial items, and raduced scale drawings for fabricating and
outfitting the pump wanigan are listed in Technical Note N-608,5 Erection details
for the wanigan are given in Technical Note N=-587,

Wanigan

A modified extra-wide NCEL camp wanigan2 houses the pumping equipment
and other components, It is mounted on skids and fitted with a drawbar for porta~
bility, With the drawbar, the pump wanigan (Figure 1) is 26 fee! long, 10 feet
wide, and 8 feet 9-7/8 inches high. The shelter (Figure 2) is 20 feet long, 10 feet
wide, and 8 feet high. It is constructed of Insulated wood frame and plywood panels
bolted together through gasketed lap joints. The wall panels are boited to a heavy-
duty skid=mounted floar.
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The wanigan was modified to provide suction and discharge ports for the
stationary pump. A special wall panel with a small double door was used for the
discharge hose. It is located in the sidewall directly in front of the pump manifold
(Figure 2). A special door panel with a small insert door was used for the suction
hose, It is located in the endwall directly in front of the pump.

Stationary Pump

The stationary pump (Figure 3) is a diesel-driven, single~=stage, horizontal,
centrifugal unit with a branze impeller and an engine exhaust primer on the pressure
side. It is boited to o pump base attached to the floor of the wanigan near the rear
doors.

When operating at 1,800 rpm, the pump delivers 1,000 gpm at 150=foot head
with 74 percent efficiency, and 1,400 gpm at 100-foot head with 55 percent effi-
ciency. It is fitted with a 5~inch flange for suction and a 4-inch flange for discharge.
A special manifold (Figure 4) is bolted to the discharge flange to distribute the flood
water. It has four threaded discharge ports fitted with 2-1/2-inch ball valves.

The pump is quill-mounted through a disk-type clutch to a four-cycle,
four-cylinder diesel engine rated at 48 hp at 1,800 rpm, The engine is fitted with
a 24-volt starter and a gasoline starting engine.

Hand-Carry Pumps

Two identical, electrically driven, hand=carry, submersible pumps (Figure 5)
are included in the outfitting, When not in use, they are stored near the stationary
pump. These pumps are 1-hp, single-phase, 115/220-volt units which can be used
separately or in tandem, The capacity of one pump is 120 gpm at a 10~foot head;
the capacity of the two pumps in tandem is 140 gpm at a 10~foot head and 120 gpm
at a 22=foot head, Each pump weighs 21 pounds and requires 2 kw for starting.

Hose and Fittings

The discharge hose is standard, black carbolized, neoprene=covered fire hose,
Twenty-four 50-foot sections and six 16-foot sections of 2-1/2-inch discharge hose
and three 10-foot lengths of 5-inch, rubber=covered suction hose are provided for
the stationary pump. Five 50-foot sections of 1~1/2-inch hose are provided for the
portable pumps. The hose fittings include strainers, hose caps, aluminum quick
couplings, and gaskets, The type, size, and quantity of hose and fittings are listed
in Table 11,
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Figure 4,

Stationary pump discharge manito)d,
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Hand-carry submersible pump.

Figure 5.
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The hose s stored in a three-tier rack along one side of the wanigan
tFioure A, The vack consists of aluminum stanchions connected with wooden strips
Lot theee To=foot=long trains, The 30-foot lengths of hose are roiled ond stacked
siddie by wide oo the top tray. The 16- and 10-foo! lengths of hose are stored flat on
the bottom trays and are secured with tie-down straps,

A 3-1 2-foot combination desk and three-tier storage unit is opposite the hose
vack near the entrance (Figure 7). It is also constructed with aluminum stanchions.
The storage tiers are fitted with metal trays for the hose fittings.

’ Best Available Copy
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Figure 7.

Desk and storage unit,



Portable Electrical Generators

Two identical portable electric generators are included in the outfitting
(Figure 7). One provides power for the wanigan and the other drives the submersi-
ble pumps. When not in use, the generators are stored next to the desk/storage unit.
Each isa 2.5-kw, 115/230-volt, 60-cycle, single-phase unit driven by single-cylinder,
four=cycle, air=-cooled gasoline engines rated at 6,6 hp at 3,600 rpm, The generators
weigh 158 pounds each.

Accessories

The standard NCEL wanigan heating and ventilating system and e!sctrical
harness® are used in the pump wanigan. The heater is a 25,000 Btuh, commercial
mobile=home~type diesel unit, serviced by an 80-gallon, side=mounted fuel tank
which also supplies fuel to the diesel=driven stationary pump, The ventilation
system consists of 60-¢fm, wall-mounted intake= and exhaust-air fixtures at oppo-
site ends of the wanigan (Figure 1), The electrical hamess provides for general
interior lighting and for interior and exterior power outlets.

Other accessories for the pump wanigan are a second 80~gallon, side~mounted
fuel tank for the gascline-driven generators, and a three-bulb cluster floodlight at
each corner of the wanigan (Figure 1). For vertical adjustment, the floodlights are
mounted on 2-inch aluminum pipes which slide into 2=1/2=inch aluminum pipe
brackets. The brackets are bolted to the wanigan.

PERFORMANCE

The 10-foot width of the pump wanigan prohibits its air=shipment as an
assembled unit in a C-130, but assembly at the field site is not difficult, The wanigan
can be erected in temperatures to 10 F in about 31 manhours,* and the outfitting can
be installed in about 16 manhours. All parts and pieces can be handled by two men
except the wanigan skids and the stationary pump.

In the 1958-59 and 1959-60 Point Barraw trials,34 the experimental pump
wanigan (Figure 8) was used extensively for confined flooding. lts interior arrange-
ment, similar to the packaged pump wanigan (Figure 2), was convenient and efficient
for operating the stationary pump, maintaining the hose and fitting, and making minor
repairs to the flooding gear. The double doors in the endwalls permitted easy access
for the hose, the hand-carry pumps, and the generator. The suction and discharge
ports simplified the hookup of the hose (Figure 9) and they minimized the infiltration
of weather when pumping.




Figure 9. Hooking discharge hose to stationary pump in

experimental pump wanigan,
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The 1,000-gpm siationary pump for the packaged unit was selected for
general service in confined flooding. lts selection was based on the performance
of the prototype pump in the experimental unit. A larger pump can be used for
special applications, provided its size and weight cc ot ovreed the space and
allowable floor load of 2,500 pounds for each 4-feot bay in the waniaan.

The prototype of the stationary pump was used for 2 months during the 1958~
59 trials. It pumped abou* 5,000,000 gallons of sea water onto confined test plots
up to 300 feet in diameter (Figure 10) in temperatures between 20 and -44 F.
Because of the sequence ai d flooding increments for the experimental tests, it was
seldom possible to use more than one 250-gpm discharge hose at a time when flooding
the small plots (Figure 11). Four hose lines (Figure 12) could be used simultaneously
to flood the 300-foot circular plot. This not only resulted in better control and dis-
tribution of the flood, but also allowed the pump to work near its rated capacity.

Figure 10. Confined 300-foot-diameter test plot built in 1958-59

Point Barrow trials.



Figure 11, Using single 2-1,"2-inch hose line to flood 100-foot-
square test plot.

Figure 12. Using four 2-1/2-inch hose lines to flood 300-foot-
diameter test plot.

15



The pump was easy to start and operate in the heated wanigan. No cold
starts were required and the pump was never operated under cold conditions. Oil
consumption on the pump engine was high; it increased to 5 quarts for each 9 hours
of operation after 2 months of use. This was attributed to inadequate break-in of
the engine and light pumping in the trials. Normal priming time for the pump ranged
from 20 to 60 seconds, the average operating pressure was between 60 and 70 psi,
and the pump vacuum was 5 psi. Difficulties with the pump were minor and easily
corrected. There was some leakage around the packing glands, and occasionally
the priming line froze,

The 120-gpm, electrically driven submersible pumps for the packaged wanigan
were selected for one-man use in constructing artificial dikes and sealing natural
dikes for confined flooding and in maintaining and repairing damaged ice areas. A
prototype of this pump was evaluated by the Laborafor; during ablation studies on
sea fce at Point Barrow, Alaska, in the spring of 1962,/ In comparisan with the
hand-carry, 130-gpm, gasoline=driven pump, which was evaluated in the 195859
trials,® it was easier to handle, easier fo start, and it did not require priming. lts
pumping capabilities were equal to those of the gasoline-driven pump.

In special applications where a large number of hand-carry pumps are required,
the gasoline-driven surface pump can be substituted for the electrically driven sub-
mersible pump to reduce the electrical requirements for this type of pumping, The
130~-gpm, gasoline~driven pump is a single-stage, horizontal, centrifugal, self-priming
unit with a cast-iron impeller. It is fitted with 2-inch ports for suction and discharge,
The pump is quill-coupled to an air-cocled, four-cycle, single~cylinder gasoline
engine rated at 2,76 hp at 3,600 rpm. The pump, which is mounted on skids, weighs
70 pounds,

Standard, black carbolized, neoprene-covered discharge hose was selected
for the packaged wanigan. It was superior to the other types tested with the
experimental unit;3 it retained enough flexibility at low temperatures for easy
handling, yet it had just enough built=in rigidity to hold its shape when laid flat,
In the trials, 50~foot lengths of this hose could be rolled for handling and storage,
and they were easy to lay and recover. Twelve hundred feet of 2-1/2-inch discharge
hose in 50-foot lengths are supplied with the packaged pump wanigan, This provides
300 feet of hose for each discharge port on the stationary pump. [n addition, six
14-foot lengths of 2-1/2~inch hose are included for adjusting the distribution of the
Flood. This hose is stored flat, To provide some flexibility of location, 30 feet of
5~-inch rubber~covered suction hose in 10-foot lengths is included for the stationary
pump. This hose is easy to carry draped over the shoulder; it is stored flat. Two
hundred and fifty feet of 1-1/2=inch discharge hose in 50-foot lengths is included
for the hand-carry electrically driven submersible pumps. It was found that this is
about the maximum practical length of hose for this pump, This hose is rolled for
handling and storage.




Aluminum quick couplings were selected for the hose. In the trials, they were
much easier to use in making up and recovering hose lines than were brass couplings
with standard fire hose threads. The aluminum quick couplings were faster to assemble
and, once assembled, were watertight. lce accumulated around the quick couplings,
but it was easily removed with a screwdriver or other pointed tool. The buna S compo-
sition gaskets selected for the quick couplings were satisfactory under all conditions
of use, including the coupling of hose sections after cold=soaking in temperatures to
=32 F.

In the packaged wanigan, the top tier on the hose rack in the experimental
unit (Figure &) was eliminated to provide sufficient storage space for the rolled hose.
During the trials, it was found that the hose storage rack was convenient to use and
its open construction permitted air to circulate freely around the hose, This was
particularly advantageous when thawing and drying the hose.

The standard wanigan heating and veniilating system2 used in the pump
wanigan was evaluated in a similar wanigan in the antarctic between 1962 and
1964, The floodlights provide adequate illumination up to 300 feet around the
wanigan for flooding operations at night.3 The portable generators selected for
the pump wanigan have been used at numerous NCEL field sites.

FINDINGS

1. The packaged mobile pump wanigan is suitable for use in leveling and thickening
sea ice by confined flooding, but not by free flooding.

2. The outfitting is adequate for use in constructing dikes to confine the flood water
and in delivering and controlling the distribution of the flood water,

3. The heated shelter permits normal operation of the pumping equipment, provides
o heated area for thawing and drying the flooding gear, and protects the construction
personnel,

4, The stationary pump and other engine~driven equipment should be properly
broken in before use in the field.,

5. The pumping equipment and hose can be varied within limits to satisfy specific
flooding requirements,

6. The unit must be disassembled for air=-shipment, but it is easily assembled in the
field, and after assembly, it can easily be towed from job to job.

7. The pump wanigan weighs 16,000 pounds and occupies 850 cubic feet packaged
for shipment. Based on 1962 prices, it costs $20,000,

17




CONCLUSIONS

The mobile pump wanigan is well ssited for thickening sea ice by confined
flooding and should be used as a standard piece cf equipment for this type of ice
construction.
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Appendix

DRAWINGS FOR THE NILZL PUMP WANIGAN

Title

Standard NCEL Wanigan Drawings

Extra~Wide Portoble Wanigan Floor — Assembly

Extra~Wide Portable Wanigan Floor — Skids and
Cross Members

Extra~-Wide Portable Wanigan Floor — Frame, Panels,
and Connectors

Extra~-Wide Portable Wanigan Floor — Tongue
Wanigan Sidewall — MK-4 and MK-6 Panels
Wanigan Sidewall — MK-5 Panel

Extra-Wide Portable Wanigan Endwall — MK-14
and MK-17 Panels

Extra~Wide Portable Wanigan Endwall — MK-18 Panel
Portable Wanigan Door — MK-20 Panel

Portable Wanigan Door — MK-21 Panel

Extra-Wide Wanigan Roof — MK-11 Panel

Extra-Wide Wanigan Roof — MK=12 Panel

Extra-Wide Wanigan Roof — MK=13 Panel and
MK-7 Gusset Plate

Wanigan Accessories — Heating and Ventilating System
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Y&D Number
993708
993709

993710
993711
993712
993713
993714
993715

Title
Wanigan Accessories — Electrical Harness
Wanigan Accessories — Side-Mounted Fuel Tank

Special Drawings for the Pump Wanigan

Fabrication Requirements
Assembly

MK-~19 Panel

MK=15 Panel

Layout and Outfitting

Outfitting
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Chisf of Enginesrs, Department.of the Army, Washingten, D. C., .
.Atin:  Engindsring Rasearch and Devalopment Division

Chisf of Enginears, Department of the Army, Washingten, D. C.,
Attn: ENGCW.OE

Director, U. S. Army Engineer Research and Development
Lab‘or:hﬁn, Fart Balveir, Va., Atin: Information Rescurces
Brone

Hondquurforn, U, §. Air Fores, Directorate’ of Civil Engineering, -
Washington, D, €., Aifn: AFOCE-E$

Commundlng Officer;, U. 8. Naval Construction Battalion Canter,
Port Hueneme, Culil., Attn: ‘Materiel Dept., Cade MO

Dopufy Chle( of Staff, Devalopmant, Directer af Rouurch and
Davslopmant, Dapartment of:the Air Foree, Walhlnqmn, D. C.

‘Dlrcefor, Nuilonnl Bureou of Standards, Dopumnom of Cammarcs,

Cennoetleuf Avonuo, Weuhlna'an, b. €.

‘ Otfice of the Dirdetor, U. S. Cou' and Goodﬂlc Survey,

We lhlanun, D. C.

Defsnse Documentation Center, Buildlng 5, Cameren monon,

Aloxundvlu, Va.

Diroclor of Defense Research and Enginearing, Department of
Defense, Washington, D. C.

.Diucton Bureou of Reclamation, Washingten, D. C.

Facllities Qfficer, Code 108, Office of Naval Resaarch,
Washingten, D. C.

Federal Aviation Agancy, Office of Monagement Services,

Administrative Services Division, Washingten, D. C,,
Atin: Library Branch
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Commander Navol Beach Group Two, U, 8. Naval Amphibious Base, Little Creek,
Norfelk, Va.

Commander, Pacific Missile Range, Technical Documentation Section, P. O.
Box 10, Point Mugu, Calif., Attn: Code 4332

U. S. Army Engineser Research and Development Laboraterias, Attn: STINFO
Bronch, Fort Belvoir, Va,

Commandent, U. 5. Armed Forces Stoff College, U. §. Naval Base, Norfolk, Vo,

Chief, Bureau of Ships, Attn: Chief of Research and Development Divisien,
Nevy Depertment, Washingten, D. C.

Officer in Charge, U. §. Navy Unit, Ransselaer Polytechnic institute, Trey, N. Y.

Officer in Charge, U. 5. Naval Supply Research and Development Facility,
Navel Supply Center, Attn: L ibrary, Bayenne, N. J

Chief, Bureau of Naval Weapons, Attn: Research Division, Navy Dspartment,
Washingten, D. C.

Commander, Amphibious Force, U. S. Pacific Fleet, San Diege
Commander, Amphibious Force, U. S. Atlantic Fleet, U. 5. Naval Bose, Norfolk, Va,

Officer in Charge, U. 5. Naval Supply Research and Development Facility, Naval
Supply Center, Bayenne, N. J.

Commanding Officer, Fleet Training Cantar, Navy No. 128, FPO, San Franeiseo
Navy Liaison Officer, Detroit Arsenal, Centerline, Mich.

U. 5, Naval Appliad Sclence Laboratory, Technical Library, Building 291,
Cods 9832, Nava! Base, Brooklyn, N, Y.

Office of Naval Ressarch, Branch Office, Navy No. 100, Box 39, FPO, New York

Commanding Officer, Naval Electronics Laboratery, Attn: Technical Director,
San Diege

‘ U. §. Army Cold Regicns Research and Engineering L.oboratory, Corps of

Engineers, P. O. Box 282, Hanaver, N. H.
U. §. Army Material Cammand, Weshington, D. C.
Alr Forca Cambridge Research Canter, Hanscom Field, Bedford, Mass.

Commander, Air Research & Development Commend, Attn: Library, Andrews
Air Force Base, Washingten, D. C.

Arctic Aeromadical Laboratory, United States Air Force, APO 731, Secttle, Wash.
Chief of Noval Qperatiens (OP-07T), Navy Department, Washington, D. C.
Librory of Congress, Washingten, D. C.

Systems Enginesering Group, Deputy for Systems Enginearing, Directorate of Technical
Publicotions and Specifications (SEFRR), Wright-Pattarson AFB, Ohls
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1 1 . Commandant, 13t Naval District, Attn: CEC Naval Reserva Pragram Officer, g@
1 495 Summer Street, Boston, Moss. %
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i ‘; 90 Church Street, New York 54
' 1 1 i Conimandant, 4th Navol District, Attn: CEC Naval Raserve Program Officer,
; ;f:‘ Naval Base, Philadelphia, Pa.
PN 1 1 Y Cemmandont, 5th Naval District, Attn: CEC Naval Reserve Program Officer,
& i Nerfolk, Va.
3
: 1 1. [ GCemmandant, 6th Noval District, Attn: CEC Naval Reserve Program Officer,
: » U.’S. Naval Base, Charleston, §. C.
' 1 1. | Commandant, Bth Naval District, Attn: CEC Navel Reserve Pragram Officer,
' ‘ U. S. Navel Station, New Orleans, La.
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= 1 1 Commandant, 9th Naval District, Attn: CEC Noval Reserve Program Officer,
X : | Building 1, Great Lakes, IlI.
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1 1 \) | Cemmandont, 11th Naval District, Attn: CEC Navel Reserve Program Officer,
] 937 N. Harbor Drive, San Diege
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B | 1 Commandant, 13th Neval District, Avar CEC Naval Reserve Program Officer,
Seattle, Wash,
ﬂ 1 1 Headquartars, Air Force Combridge Research Center, Air Research ond
& Development Command, Laurence A. Hanscom Field, Bedford, Mass.,
E Attn: Tarrestrial Science Laboratory
? 1 1 Antarctic Projects Oifice, bdperfmnm of Defonse, Washington, D, C.
; 1 1 - Office of Naval Research, Navy Department, Washingten, D. C., Attn: Air
% Sciences Department
E 1 1 Commander, Naval Construction. Bottalions, U, S. Atlontic Fleet, Administrative
s - Hdq., U. S, Naval Construction Battalion Center, Davisville, R, I.
4 1 ) Commanding Officer, U. S. Army Transportation Resecrch and Develcpment
Cemmand, Fort Eustis, Va.
1 1 1 U. 8. Army Corps of Engineers, Office of the District Engineer, 5t, Paul Distriet,
. 1217 U.5.P.0. ond Customs House, St. Paul, Minn.
£ 1 1 Commaender, Antarctic Suppert Activities, Navy No. 20, FPO, San Francisce,
; Attn; Public Works Officar
E ! 1 1 Commander, U. S. Naval Suppert Force, Antarctica, 6th ond Independence Ave.,
f $. W., Washington, D. C,
;’ 1 . 1 Director of U. §. Antaretic Reseorch Program, Natienal Sciance Foundatien,
2 Washington, D. C.
1 1 Library, Colifornio Institute of Technelogy, Pasadena, Calif.
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Library, Institute of Technalogy, University of Minnesota, Minneapciis, Minn,
Director, The Technelogical Institution, Nerthwestern University, Evanston, ill,

Director, Soil Physies Laboratory, Department of Engineering, Antn: Library,
Princeton University, Princeton, N. J.

Director, Soil Physics Laboratory, Department of Enginesring, Princeton
University, Princeton, N. J.

Library, University of Southern California, University Park, L.os Angeles
Library, Bettelle institute, Columbys, Ohle

Library, Engineering Dapartment, University of California, 405 Hilgord Avenus,
Los Angeles

Directer, Enginaeting Research Institute, University of Michigan, Ann Arber,
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Library, Enginesring Department, Stanford University, Stanford, Callf.
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